Radio-frequency gas discharge excitation was applied to traces of silver plated onto a filament and subsequently evaporated into a stream of helium. Sensitivity of approximately 2×10 -2 ng and a coefficient of variation of about 7% were achieved. The optimization of operati.ug parameters and the effect of copper upon silver emission were also studied.
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I N T R O D U C T I O N
A speetroehemical method for analyzing" the silver in precipitation resulting from cloud seeding was the p r i m a r y objective of this research. As the chief method presently utilized, neutron activation, requires access to a nuclear reactor, ~ a method more amenable to use in most analytical laboratories was desired. The analytical procedure developed involves electroplating the silver onto a filament followed by introduction of that silver by evaporation into a radio-frequency discharge in heliumY, 3 The physical layout of the system resembles that of Runnels and Gibson ~ in that the sample after evaporation is cartied into the discharge by a carrier gas which is also the discharge medium.
I. EXPERIMENTAL

A. Electrodeposition
Electrodeposition proved to be ideal for introduction of the silver onto the filament. With suitable buffering a n d / o r eomplexing it is possible to separate silver from most of the heavy metals by electrodeposition on a semimicro-seale. 5 The eleetrodeposition apparatus consisted of a simple rectifier transformer, a 0.5-ee Lucite electrolysis cell, and a magnetic stirrer. The stirring motor provided a very rapid vibration of the electrodes which served to reduce the thickness of the diffusion layer around the sample filament and therefore also to reduce the plating period.
No attempt at potential eontroi was made; however, it was observed that the potential between the auxiliary electrode and the sample filament (approximately 4 V), remained essentially constant throughout any one deposition. A rough calculation ~ assmning reasonable values for the diffusion coefficient, diffusion layer thickness, as well as constant cathodic potential, indicated that for 0.3 ml of solution and 99.9% deposition only about 35 see would be required for plating. This plating time was later found to be sufficient experimentally.
The stock solutions were made up of the reagentgrade nitrate salts dissolved in 0.1 molar perchloric acid. Working solutions were prepared daily by dilution with 0.1 molar perchlorie acid. Although some trouble with silver being adsorbed onto the glass in the mineral acid solution was expected/ no such difficulty became apparent.
B. Excitation Figure 1 depicts the discharge tube. The discharge takes place between the metal plates clamped to the outside of the pinched-in, parallel faces of t h e tube proper. The power is transmitted capacitatively through the walls of the tube itself. The rf power source used was a Fischer and Co. diathermy machine, type SP, of unknown vintage. The oscillator frequency was 23.8 MHz and the power output to the tube was variable in steps of 16.5, 27.5 and 59.5 W.
The sample filament is a coil of iridium wire situated two centimeters below the constricted discharge chamber. The power supply for heating the sample filament was a low-voltage ac transformer (hot-wire glass-tubing cutter) in series with a large autotransformer.
Other necessary apparatus include a Brooks gas flow meter for measuring the helium flow, an optical pyrometer for checking filament temperatures, and an internal timer.
C. Monochromator and Detection System
The emitted light was introduced through an opening cut in the side of a Beckman DB spectrophotometer set on flame mode. No recorder was used because of interference from the diathermy machine. Therefore the maximum of the meter deflection was the observed " i n t e n s i t y " value taken by the operator.
II. RESULTS AND DISCUSSION
A. Procedure and Typical Curves
A typical analytical curve for silver plated out in the absence of other metals is shown on Fig. 2 . series of five determinations under the conditions in the legend of this figure yielded a coefficient of variation (V) of approximately 7% at the nanogram level.
The coefficient of variation is calculated as follows:
where ~ is the mean needle deflection and S is the sample standard deviation expressed also as needle deflection. A sensitivity limit (here defined as that amount of silver giving a deflection of twice the standard deviation) of about 2 X 10 -2 ng was calculated.
The operating procedure consisted of several steps. The sample solution was pipetted into the electrolysis cell, the sample filament inserted, and potential applied for 2 min. Then the filament was removed while a stream of distilled water was played over it and, when it was free from the bulk of the solution, the adhering droplets were blown off with a puff of compressed air. The filament was allowed to dry for a minute, then it was unclipped, inserted into the discharge tube, and the helium tube and " h e a t e r " leads attached. A purge period of 45 sec at 30-50 cc/see was followed by a reduction to the rate of flow desired during the analysis, after which the diathermy machine was turned on and the diseharg'e initiated. A check was then made of the spectrophotometer 's meter reading, and, if it was not zero, it was adjusted to that figure. Finally, the heater circuit was closed and the sample evaporated into the discharge. The meter deflection was recorded. Figure 3 shows the relationship of flow rate (in cc/sec) to meter deflection of 1 ng of silver. At low flow the sample is not carried into the discharge well. At very high rates of flow, the intensity falls off; possibly as a result of slow meter response a n d / or because the discharge becomes less energetic at high flow rates. Neighboring helium lines lost intensity with increased rates of flow.
B. Effects af Experimental Parameters
Helium Flaw Rate
Filament Temperature
The results of the investigation of another co~l-sideration, the relation of the filament temperature used to evaporate the silver, are depicted in Fig. 4 . The sensitivity is low (a blank of approximately 2-m deflection units was not subtracted from the data for this graph) to about l l 0 0°C where it begins to climb rapidly to about 1350°C at which point it levels off and becomes relatively constant. At 1350°C the vapor pressure of the pure silver is on the order of 1 mm Hg. Table I shows the sensitivities observed for 1 ng of silver found when the power of the discharge was varied. Though s()mewhat greater sensitivities were obtainable with the highest power setting, most of the analytical work done was with the lowest setting because of rapid heating with possible risk of damage to the tube at high inputs.
APPLIED SPECTROSCOPY
Discharge Power
Copper Interference
A study was made of the effect of copper upon the observed intensity of the silver emission. Figure  5 shows the results. The silver line lost intensity with increasing amounts of co-plated copper. A rationalization for this behavior was that the copper was depleting the discharge energy to the point that it was too " c o o l " to excite the silver.
Evidence for another mechanism for the interference was discovered when an attempt was made to run an analytic curve for copper analogous to that of silver. The copper 3247-A line was chosen because it is one of the strongest and is situated very closely to the already studied silver 3281-A line. The experimental results revealed that at temperatures at which the vapor pressure of pure copper is 1 mm or even 10 mm I t g (1628 ° and 1879°C, respectively) and at which vapor pressures silver evaporated immediately, copper took several seconds to come off. Since the detection system was not a total signal integrating one but measured only the maxi- mum emission intensity, greatly reduced sensitivity resulted.
A possible explanation of this behavior is that the copper alloyed with the surface of the iridium filament. Since copper would also dissolve silver and retard its evaporation, silver emission would be reduced in the presence of copper.
III. CONCLUSION
Much more work remains to be done before this method is developed to the highest degree even for the determination of silver. However, the sensitivity and speed of the method is so great that further work both on silver and other elements is worthwhile. The simplicity and "cleanness" of electrogravimetric determinations for many elements on the semimicro level would indicate that metals whose spectral lines interfere, or which cannot be simultaneously present for other reasons, can possibly be separated and determined sequentially.
